Introduction
============

Bone fracture are very common, exerting a marked impact on the quality of life and economy burden [@B1]. Although most fractures will be healed finally, there are still some of them experience delayed union or nonunion that is currently difficult to manage clinically. Understanding the mechanism of fracture healing will help clinicians to prevent the delayed union/nonunion, and promote the healing of fracture healing.

Fracture healing is a complex process involving a cascade of cellular events that include the initial bleeding and inflammation, recruitment and proliferation of mesenchymal cells, subsequent formation of cartilaginous callus and its gradual replacement by bony callus [@B2], [@B3]. Determined by their similar cellular processes, the molecular mechanisms underlying skeletal development and fracture healing are also comparable. It is well known that a variety of growth factors/cytokines regulating skeletal development and homeostasis can also regulate the fracture healing [@B4]-[@B6].

FGFs/FGFR3 signaling has been shown to play important roles in skeletal development and homeostasis. Expression of FGFR3 is observed in chondrocytes during early limb development and later in reserve and proliferating chondrocytes of the epiphyseal growth plates [@B7], [@B8]. Gain-of-function mutations in FGFR3 cause several types of the human skeletal dysplasias [@B9]. In contrast, loss-of-function mutation in FGFR3 leads to camptodactyly, tall stature, and hearing loss syndrome [@B10], [@B11]. Further studies found that FGFR3 negatively regulates chondrogenesis of long bone by inhibiting the proliferation and differentiation of chondrocytes, and negatively regulates autophagy and homeostasis of extracellular matrix (ECM) [@B12]-[@B15]. FGFR3 is also an important regulator of osteogenesis. FGFR3 has been found expressed in mature osteoblasts, osteocytes, and osteoclasts [@B16]. Both loss-of-function and gain-of-function mutations of FGFR3 result in osteopenia, suggesting the complex mechanisms underlying the role of FGFR3 in osteogenesis. Fgfr3 deficiency in osteoclast lineage cells leads to impaired bone resorption activity of osteoclasts [@B17]. Chondrocyte FGFR3 is involved in the regulation of bone formation and bone remodeling by a paracrine mechanism [@B18]. Above all, all these studies demonstrate that FGFR3 is an important regulator of multiple types of skeleton related cells including mesenchyme cells, chondrocytes, osteoblasts and osteoclasts, suggesting the important role of FGFR3 in the complex fracture healing processes.

Consistently, FGFR3 is strongly expressed in prehypertrophic chondrocytes, osteoblasts and periosteum during fracture repair [@B20], [@B21], indicating that FGFR3 may regulate the cartilaginous callus formation and replacement by bone. We have investigated the role of FGFR3 in fracture healing using unstabilized fracture model of mice carrying gain-of-function mutation of FGFR3 [@B22], and found that FGFR3 inhibits the initiation of chondrogenesis and hypertrophic differentiation during cartilage formation in the soft callus. Since rigid fixation is the major currently used fixing method in orthopaedic surgeries including fracture fixation and limb lengthening that is commonly used in achondroplasia patients [@B23]. So it is very important to investigate the role of FGFR3 in fracture healing using stabilized fracture model. Furthermore, application of stable fracture model, in which fracture is mainly healed through intramembranous ossification, will help us to further explore the role of FGFR3 in osteogenesis. In our previous study, mice with gain-of-function mutation of FGFR3 were used, the results from which may not accurately reflect the real role of endogenous FGFR3 in fracture healing of majority of patients that have no FGFR3 mutations.

In this study, we used FGFR3 deficient mice with stabilized fracture model. We observed that Fgfr3^-/-^ mice exhibit more rapid fracture healing with accelerated fracture callus formation, mineralization and bone remodeling. Our results will deepen our understanding about the role of FGFR3 in fracture healing, subsequently provide an experiment basis for developing FGFR3-based biological therapies for bone fracture.

Materials and Methods
=====================

Mice
----

Fgfr3 knock out (Fgfr3^-/-^) mice were maintained on C3H/HeJ background and the genotyping was conducted as described previously [@B24]. All experiments were performed in accordance with protocols approved by the Institutional Animals Care and Use Committee of Daping Hospital (Chongqing, China).

Tibial Shaft Fracture Surgery
-----------------------------

8 week old male mice were underwent a standardized, unilateral tibial shaft fracture, adapted from that described by Bonnarens [@B25], with intramedullary fixation. Briefly, a 5-mm vertical incision in the skin was made to expose the proximal 1/2 of tibia, then a 30-gauge needle was inserted vertically through the tibial plateau to the intramedullary canal. After blunt dissection the soft tissue, gradual pressure on the tibia was applied until a fracture was induced by microscissors, then skin was sutured. Buprenorphine was used for control of post-operative pain. Animals were monitored for general postsurgical health and function of the fractured limb.

Histology and analysis
----------------------

A CO~2~ overdose was used for the euthanasia for all mice. The fractured tibias were dissected and collected on post fracture days (PFD) 3, 5, 7, 10, 14, 21 and 28 with excess muscle and soft tissue excised. The intramedullary needle was removed carefully from the fractured tibia. Four specimens from each group were fixed in 4% paraformaldehyde. The specimens were decalcified for 21 days in 15% EDTA (pH 7.4), embedded in paraffin, and sectioned at a thickness of 5μm. The sections were stained using Safranin O/Fast Green and Tartrate Resistant Acid Phosphatase (TRAP, Sigma) staining. Total callus area, total cartilage area, and total woven bone area were quantified. Histomorphometric analyses were performed with the OsteoMeasure (OsteoMetrics).

X-ray imaging and Micro-computed tomography
-------------------------------------------

Bone radiographs were obtained using a Faxitron MX20.After X-ray detection, imaging of the architecture of the fracture callus was scanned by SCANCO vivo CT40 (70KV,114μA).

Bone marrow cell culture
------------------------

Bone marrow cells were derived from 6- to 8-week-old mice as described previously [@B26]. Briefly, the bone marrows were flushed from the tibia and femora under aseptic conditions using α-MEM (Gibco) containing 10% FBS (Gibco). The second generation of cells was seeded at 1×10^5^ cells/well in 24-multiwell plates. One day after plating, the medium was exchanged for fresh medium supplemented with 50 mg/ml ascorbic acid, 10 mM β-glycerophosphate and 10nM dexamethasone (Sigma). Medium was changed every 3 days. Osteogenic differentiation of bone marrow cells was assessed on day 7 and 14 using ALP activity assay and staining. Mineralization was detected on day 14 and 21 by alizarin red staining.

RNA isolation and Real-time PCR
-------------------------------

Total RNA was extracted from the fracture calluses using Trizol reagent (Invitrogen) according to the manufacturer\'s instruction. The expressions of genes of interest were measured using a Mx3000P PCR machine (Stratagene) and SYBR Premix Ex TaqTM kit (Takara) at least 3 times. Expression levels for each gene of interest were normalized to their corresponding values of endogenous control gene Cyclophilin A. The primers for the genes of interest will be provided upon request.

Biomechanical Testing
---------------------

The biomechanical properties of the fracture calluses were examined by a three-point bending test according to the protocol described previously [@B27]. Briefly, a downward bending load was applied to the shaft of the posterior aspect of the fractured tibia (with the loading nose directly over the fracture site (Instron). A load-displacement curve was generated to determine stiffness (N/mm), ultimate force (N), work to failure (mJ) and ultimate displacement (μm).

Statistical analysis
--------------------

The data were presented as Means ± SD. Statistical significance was ascertained by two-way ANOVA. When significant levels (P\<0.05) were achieved, Tukey\'s Post Hoc test was performed using PASW 18.0. The results were considered significantly different at P\<0.05.

Results
=======

Effects of FGFR3 deficiency on bone fracture healing
----------------------------------------------------

To determine the effects of FGFR3 on the process of fracture healing, we generated closed stabilized tibial fractures in WT and Fgfr3^-/-^ mice and examined the healing process at different stages. There was no callus formation at PFD3 in either genotype (Data not shown). As shown by X-ray radiographs (Fig. [1](#F1){ref-type="fig"}A), at PFD7 there was radiographic evidence of a bony bridge in Fgfr3^-/-^ mice compared with control mice (Fig. [1](#F1){ref-type="fig"}A). At PFD14 and PFD21, X-ray (Fig. [1](#F1){ref-type="fig"}A) and Micro-CT (Fig. [1](#F1){ref-type="fig"}B) showed that the fracture calluses of tibia from Fgfr3^-/-^ mice were much larger than that observed in tibia from control mice. The mineralized calluses were examined by Micro-CT analysis (Fig. [1](#F1){ref-type="fig"}B). Consistent with the results from radiographic analysis, at PFD14 tibias were completely bridged by a calcified callus in Fgfr3^-/-^ mice, whereas wild-type mice still exhibited a gap in the fracture site (Fig. [1](#F1){ref-type="fig"} B). Longitudinal sections (Fig. [1](#F1){ref-type="fig"}B) of micro-CT 3-dimensional reconstructions and quantitative analysis (Fig. [1](#F1){ref-type="fig"}C) demonstrated that the size of callus and calcified callus volume at 14 days post-fracture were increased in the Fgfr3^-/-^mice and showed accelerated reduction at PFD21. The mineral density was also determined by Micro-CT. The data showed a trend of increased mineral density in Fgfr3^-/-^ mice at PFD14 and 21, but this increase was blunted at PFD28. Our data suggest accelerated formation and remodeling of the fracture callus.

Effects of FGFR3 deficiency on mechanical properties of fractured tibia
-----------------------------------------------------------------------

To assess the effects of FGFR3 deficiency on the mechanical properties of fractured tibia, biomechanical properties were examined by three-point bending in tibias at 3 and 4 weeks after fracture wild-type and Fgfr3^-/-^ mice. At PFD 21, the Fgfr3^-/-^ group showed greater stiffness than the control group, but had no significant difference at PFD28 (Fig. [2](#F2){ref-type="fig"}A). The Fgfr3^-/-^ group showed an increase in the ultimate force, but no difference in work to failure required compared with the control groups at 21 and 28 days (Fig.[2](#F2){ref-type="fig"}B, C). There were no differences between WT and Fgfr3^-/-^ mice in the ultimate displacement throughout the times (Fig. [2](#F2){ref-type="fig"}D).

Fractures in Fgfr3^-/-^mice undergo accelerated endochondral bone formation
---------------------------------------------------------------------------

Since FGFR3 is a negative regulator of endochondral bone formation during development, we wonder whether this function also works in the fracture healing. To determine whether Fgfr3 deficiency affect cartilaginous callus formation and its transformation into bony callus, callus tissues from control and Fgfr3^-/-^ mice were analyzed by histology and computer-assisted image analysis. Compared to those of control mice, the total callus areas and cartilaginous callus areas were increased in Fgfr3^-/-^ mice at PFD7 and PFD10. At PFD14, the cartilage tissue in fracture site of Fgfr3^-/-^ mice was dramatically reduced with a relative increase of bonny tissue (Fig. [3](#F3){ref-type="fig"}A -D). In contrast, cartilage tissue is apparent in the central area of callus in the control mice at that time (Fig. [3](#F3){ref-type="fig"}A). In addition to the accelerated mineralization observed above, the callus of Fgfr3^-/-^mice underwent more rapid remodeling. Total callus area peaked on day 10 in Fgfr3^-/-^mice and progressively decreased with time, while the bony callus showed the similar trend. In contrast, peak callus area is present at PFD10 to 14 in control mice. Control mice had a larger callus than Fgfr3^-/-^ mice from PFD14, which persisted during the observation period.

To determine whether the alterations of the callus areas were associated with the changes of the expressions of genes associated with endochondral bone formation, quantitative real-time PCR analysis was performed. Both Sox 9, collagen type II (Col2a1) and collagen type X (Col10a1) expression reached at peak value earlier during fracture repair in the Fgfr3^-/-^ mice, the expression levels of these genes were significantly higher at PFD7 and 10 in the Fgfr3^-/-^ mice (Fig. [3](#F3){ref-type="fig"}E). In contrast, the expressions of Col2a1 and Col10a1 peaked in wild-type fractures at PFD14. The earlier appearance and disappearance of these chondrogenic genes in the fracture callus are consistent with the accelerated endochondral bone formation in the Fgfr3^-/-^ mice.

Osteoblast differentiation is accelerated in fractures in Fgfr3^-/-^mice
------------------------------------------------------------------------

The bony tissue in callus was present and peaked earlier in the Fgfr3^-/-^mice. Despite the accelerated chondrogenesis, we checked the expressions of genes involved in osteoblast differentiation in the callus tissue of fractures site in control and FGFR3 deficiency mice. Expression levels of Runx2 were accelerated in fracture calluses of Fgfr3^-/-^mice (Fig. [4](#F4){ref-type="fig"}A). Runx2 had the maximal expression on PFD14 in the Fgfr3^-/-^mice, whereas it peaked at PFD21 in wild-type callus tissue (Fig. [4](#F4){ref-type="fig"}A). The osteoblast differentiation markers, including collagen type I (Col1a1), alkaline phosphatase (ALP), and osteocalcin (OCN) also had their maximal expression earlier in fracture callus from Fgfr3^-/-^mice, consistent with the accelerated bony tissue formation in fracture site (Fig.[4](#F4){ref-type="fig"}B-D).

Furthermore, the expression levels of both ALP and OCN were higher in fractures in the Fgfr3^-/-^ mice. Both the mRNA expressions of FGFR1 and FGFR2 showed a little increase at PFD14 and PFD21 (Fig.[4](#F4){ref-type="fig"}E, F). These findings suggest that osteoblasts undergo a more rapid differentiation in Fgfr3^-/-^ mice during fracture healing. To determine whether mesenchymal stromal cells from Fgfr3^-/-^mice have enhanced osteogenic potential, bone marrow progenitor cells were collected and analyzed. After culture in osteogenic medium for 7 or 14 days, alkaline phosphatase staining revealed more colonies formed with increased alkaline phosphatase in the Fgfr3^-/-^ bone marrow stem cell cultures (Fig.[S1](#SM1){ref-type="supplementary-material"}). Similarly, alizarin red staining was stronger in the FGFR3 deficiency bone marrow progenitor cell cultures compared with control cultures at D14 (Fig.[S1](#SM1){ref-type="supplementary-material"}). These data indicate that the accelerated process of bony callus formation in Fgfr3^-/-^ mice may be associated with the accelerated initiation of endochondral ossification and osteogenic differentiation.

Effects of FGFR3 deficiency on osteoclastic bone resorption in calluses
-----------------------------------------------------------------------

Since the above radiographic and histologic analysis suggested that he fractures of Fgfr3^-/-^ mice underwent more rapid remodeling (Fig.[1](#F1){ref-type="fig"}), the fracture calluses were further stained by TRAP to determine whether the osteoclastic bone resorption is disturbed during fracture healing. The number of TRAP positive osteoclasts was increased by 100% in PFD14 calluses from Fgfr3^-/-^ mice compared with that in control wild-type mice, and the TRAP positive osteoclast surface was also increased, consistent with accelerated bone remodeling (Fig. [5](#F5){ref-type="fig"}B). At PFD21, the number of osteoclasts in the callus from control mice was further increased. The expression levels of RANKL and OPG, two critical molecules regulating osteoclastogenesis, were significantly and early up-regulated in the calluses from Fgfr3^-/-^ mice. We further calculated the ratio of RANKL/OPG, a major determinant of osteoclastogenesis in osteoblasts, and found that their ratio was significantly elevated (Fig.[5](#F5){ref-type="fig"}C, D). The peak levels of RANKL in fracture site tissue occurred at PFD14 in Fgfr3^-/-^ mice, and at PFD21 in control mice. These data are consistent with the observed differences in osteoclast numbers by bone histomorphometry.

Discussion
==========

Bone fracture is common in clinic and has fatally consequences on both economy and patient morbidity. Although bone has the ability to regenerate after injuries, some patients still experience serious complications including nonunion or delayed healing. Present therapies, such as surgery, bone grafting, growth factors and stem cell therapies, etc, have limited effect for these complications. Thus, deeper understanding of the underlying mechanisms is urgently needed for developing effective biological measures for accelerating fracture healing and preventing or promoting the healing of nonunion or delayed healing.

Skeleton development and fracture healing are similarly exerted by both chondrogenesis and osteogenesis. Both gain-of-function and loss-of-function mutations in FGFR3 lead to maldeveloped skeleton with abnormal growth plates [@B28], suggesting the potential important role of FGFR3 in fracture healing. We and other researchers have revealed that FGFR3 not only regulate chondrogenesis, but also affect osteogenesis by directly regulating osteogenic differentiation of bone marrow cells and indirectly by regulating chondrogenesis [@B18] and osteoclastogenesis [@B17], [@B29], [@B30]. FGFR3 is strongly expressed in prehypertrophic chondrocytes, osteoblasts and periosteum during fracture repair [@B20], [@B21]. Our previous data showed that FGFR3 is expressed during whole fracture healing processes by in situ hybridization and RT-PCR. The temporal and spatial expression patterns and roles of FGFR3 strongly indicate that FGFR3 may regulate fracture healing by affecting both chondrogenesis and osteogenesis. Indeed, our present study revealed that Fgfr3 deficient mice exhibited both dysregulated chondrogenesis and osteogenesis during fracture healing.

We found that, although stable fracture model was used, the total callus and cartilaginous callus areas were still increased in Fgfr3^-/-^ mice at the early stage, indicating in Fgfr3^-/-^ mice the chondrogenesis is enhanced in the healing of stabilized fracture. These data are consistent with the well-known negative role of FGFR3 in chondrogenesis during bone development, and also consistent with our previous finding that FGFR3 inhibits chondrogenesis during the healing process of unstabilized fracture of ACH mice. Besides its inhibition on chondrocyte proliferation and hypertrophic differentiation [@B31]-[@B33], FGFR3 also decreases the ECM content, the major component of cartilaginous callus, by reducing the ECM synthesis and promoting its degradation [@B14], [@B15]. In agreement with these findings, here we also found an upregulation in Col II levels (reflecting an increase in the ECM content) and a decrease in levels of MMP9 and MMP13 (two key enzymes for degradations of ECM) in our Fgfr3^-/-^ mice, indicating that FGFR3 plays a similar negative regulation mechanism in both bone development and bone repairing.

FGFR3, a major regulator of chondrogenesis, also modulate osteogenesis. The role of FGFR3, however, in osteogenesis is still controversial, as we have showed that both Fgfr3 ^-/-^ mice and mice with gain-of-function mutations of FGFR3 display decreased bone mass [@B30], [@B34], [@B35] In our previous study using unstable fracture model of ACH mice to study the role of FGFR3 in fracture healing, we had not analyzed the osteogenesis in detail. So in this study, we used stabilized fracture model to explore the role of FGFR3 in fracture healing related osteogenesis. We found enhanced osteogenesis as evidenced by accelerated and larger bony callus, indicating that FGFR3 inhibits osteogenesis during fracture healing.

The mechanism for the increased bony callus in FGFR3 deficient mice is not clarified. The increased expression of Runx2, an important transcription factor promoting osteoblastogenesis, in the fracture callus of Fgfr3^-/-^ mice suggests the enhanced osteogenic differentiation during fracture healing, which is further supported by the elevated osteogenic differentiation of Fgfr3^-/-^ bone marrow stromal cells.

Considering the coordination between chondrogenesis and osteogenesis during skeletal development and fracture healing, the enhanced chondrogenesis may also be involved in the augmented bony callus formation in Fgfr3^-/-^ mice. In endochondral ossification during skeleton development and fracture, hypertrophic chondrocytes (cartilage) serve as a scaffold for bone formation as the mineralized cartilaginous templates will finally be replaced by bone following the invasion of blood vessels. The increased size of cartilaginous callus may be partially responsible for the subsequently increased bony callus in fracture site of Fgfr3^-/-^ mice. In addition, recent studies showed that hypertrophic chondrocytes can directly transdifferentiate into osteoblasts during endochondral bone formation [@B36]-[@B38]. In Fgfr3^-/-^mice, the chondrocyte hypertrophy is enhanced resulting in more hypertrophic chondrocytes, we do not know at this moment whether their transdifferentiation into osteoblasts in involved in the strengthened formation of bony callus. Osteogenesis can also be indirectly affected by chondrogenesis. We recently found that FGFR3 can indirectly influence osteogenesis through its regulation of the secretion of several osteoblastogenesis related molecules by chondrocytes, such as Ihh, Bmp2, Bmp4 [@B18]. Whether the augmented cartilaginous callus in FGFR3 deficient mice indirectly affects the subsequent bony callus formation through the mechanisms described above need to be studied.

It is important to note the limitations of this study. Fracture healing is an integrated process in which multiple types of cells are involved. FGFR3 is expressed in several cell lineages involved in fracture healing. The unique role of FGFR3 in individual cell types can be dissected by using mice with conditional deletion of FGFR3 in future. For example, cell lineage specific knock out approach may help to dissect the direct and chondrocyte-dependent indirect role of FGFR3 in bony callus formation as discussed above. Osteoclast-specific modulation of FGFR3 will help to clarify the role of FGFR3-modulated osteoclastogenesis in callus formation and remodeling. In addition, the resources of progenitor cells for callus formation are not fully clear presently, which needs to be studied by approaches including linage tracing and in vivo dynamic imaging, etc.

In summary, this study, by using the stabilized fracture model in *Fgfr3*deficient mice, we demonstrate that deletion of *Fgfr3*significantly accelerates fracture healing by an increase in both chondrogenesis and osteogenesis via a mechanism that enhances ECM productions and decreases degradations (Fig.[6](#F6){ref-type="fig"}). Our studies suggest that FGFR3 plays a negative role in bone repairing. Thus, blocking FGFR3 functions by using a neutralizing antibody against FGFR3 or FGFR3 binding peptide may enhance bone repairing in patients with un-union or delayed fracture healing.
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![**FGFR3 deficiency mice exhibit accelerated fracture healing.** Tibia fractures were created in 8-week-old Fgfr3^-/-^ mice and wild-type (WT) controls. Tibias with fractures were harvested at 7, 14, 21 and 28 days after fracture. (A) Representative radiographs of fractured tibias. (B) Longitudinal sections of micro-CT 3-dimensional reconstructed calluses from WT and Fgfr3^-/-^ mice. (C) The quantitative analysis for calcified callus volume and BMD. Data are presented as Means ± SD (N=6-8/group, \*p\<0.05, \*\*p\<0.01).](ijbsv13p1029g001){#F1}

![**Biomechanical properties of the fracture calluses.**(A) Stiffness, (B) ultimate force to failure, (C) work to failure, and (D) ultimate displacement results were assessed by three-point bending in tibias from 21 and 28 days post-fracture in Fgfr3^-/-^ mice and wild-type (WT) controls. Data are presented as Means±SD (N=6/group, \*p\<0.05, \*\*p\<0.01).](ijbsv13p1029g002){#F2}

![**Fractures in Fgfr3^-/-^mice undergo accelerated endochondral bone formation.**(A) Representative histology of fractured tibias stained with Safranin O/Fast Green show cartilage (red) and bone (green) formation. (B-D) Histomorphometric measurements (total callus area, cartilage area, bony callus area) were made from 20 sections for each group (N=5-6 mice/group). (E) Real-time RT-PCR mRNA expression analyses were performed for evaluating expressions of genes involved in chondrogenesis in callus from WT and Fgfr3-/- mice after fracture and results were expressed as fold changes relative to expression level of WT callus at PFD3. The analysis was repeated for three times. Data are presented as Means±SD ( N=5-6 mice/group, \*p\<0.05, \*\*p\<0.01).](ijbsv13p1029g003){#F3}

![**The expression of genes involved in osteogenesis is altered in callus from Fgfr3^-/\ -^mice.** Total RNA was extracted from callus in Fgfr3^-/-^mice and controls (N=5 mice/group) at various time points after fracture. The following primer sets were used: RUNX2 (A), Col1a1 (B), ALP (C), OCN (D), FGFR1 (E), and FGFR2 (F). Results were expressed as fold changes relative to expression level of WT callus at PFD3. The analysis was repeated for three times. Data are presented as Means±SD ( N=5-6 mice/group, \*p\<0.05, \*\*p\<0.01).](ijbsv13p1029g004){#F4}

![**Fgfr3^-/-^mice have accelerated bone remodeling in fracture healing**. Representative micrographs of sections of calluses from control and Fgfr3^-/-^mice at 14 and 21days post-fracture stained histochemically for TRAP. (B) Number of TRAP-positive osteoclasts related to tissue area (N.Oc/T.Ar, \#/mm^2^) and osteoclast surface relative to bone surface (Oc.S/BS, %) were assessed by computer-assisted image analysis. RANKL (C) and OPG (D) RNA levels in the fracture callus were examined by RT-PCR. Results were expressed as fold changes relative to expression level of WT callus at PFD7. Data are presented as Means±SD ( N=5-6 mice/group, \*p\<0.05, \*\*p\<0.01).](ijbsv13p1029g005){#F5}

![**Schematic illustration of the role of FGFR3 in bone repairing.**FGFR3 is strongly expressed in prehypertrophic chondrocytes, osteoblasts and periosteum during fracture repair. FGFR3 plays a negative role in bone repairing which is similar with its role in bone development.](ijbsv13p1029g006){#F6}
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